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ABSTRACT 

Cti«cse|irevei:S!ao ogszu aiv, pej-spEtJjivea Is Site gwev?Et}te» oT ssMsr 
and other chronic degenerative diseases msstreiatetl with tehscao OTseo&teg, 
awp'oStabie to correal smoters smd, even hkw- 2 , to essatratacs nrsJ passive 
EBtcSrasB. Evaluation of IttaEaTfcts-s to Bates/ santtels k; on escsntloi atejj 
for lfi@ prediiilcal essg&iSEiefiS ®ff etSccxy ebes! safefly csS jsoSsiiSif^ cBsesra©- 
preventive agents. Grossps of Sprague Bewtey rsen were ®xg*sst5 ratals 
toady to a tchrina-e of msfesJraaas: aaa 1 sMtesdreensa cigarette nicie tor 7SH 
ecstEsctsttve tfcye. (Five t&ESiojravetsMve ngpats were gSvest sUtfeer raitfe 
drlckfa^ water (Af-neetyS-c.-syalelise, 1 tatiy wdg&f/dQy) sr -dlji 3b® 
dfet (!,2-<lSiIjtele-3-i3slo3e, 489 rag; ©Stores, dll® nag; phssietfeyS (esa&itt- 
cyaaate, ?0® sag; a2s3 S^-fesascEsvEas, !S@S tsg/Jjg Slel). Tits KtRi58®sre$ 
bbnaarfeera Sadinisd; BPJA aitests In Enrsastealwlair SevEfp cells, (ra- 
cfisnS efSdfesStM, liws oad Sssart; osfefclive tSaaaage go p-staMaj-si fflftJA; 
tieHaogJaSifc! ffitMacSs o? 4-iwninoS;fpSH;r.3l csil fe®nso<<3)ijyT®K®'?^dEe!- 
S.IO-egHK&ic; micrcanctenlBd a*d pnlyttiBctaSesS afvKtScr nsEcraitlbBseg 
waS Estorasniteaistl palyciirtmMte sryt&irseyte to tarn rtaomw. &gn- 
cure of cals to SEtoSte rsstsKed to dirasnsls El-les-cfitas of cS6 tavssfSgBSafi 
^aisraiSes-s. f/-Aeaiyt-t-eys!sSffi8, phsayitedtiyi iEMMjKysmoae, ssa! SA- 
fcsuto&tvoBa eserted a rigalStamf proic-fee c®n9 <ra eSJ clteratf&as. 
1 ,2-BMa ste-341sto5& wes a teas sftesSiw! IffifeMnw :&■} c-sSt/Msed tesfli o 

sysSmk toakiiy ejkJ gecMrtaddty k afeesSej Eiscmpjiages, wEteress Its 
isaSistfStiJssJ cfisSagne OStlpcsst sEiowed Stutitod jnvslecaSre dFfectc to tEile 
zsad'A. eastabtaitta of W^BO!l3rl-(.-eysaeS!i!e wlsb ©StlpOT! tvao 

ttfi most potetsi SrsattnirA, rcsrttifsg to cat o^Mvc of osxre fea cl#Stlv3 
toMbltlert ttf EHjra&e-rv^atvdi EUWA esSdEtc^ to ttee atisg 
cdfects- IJlieEe ffecsills gaufife evtoritst:: for 9lac dHEEtcssSfcS abEMy off £es9 
EgeatB to BEUflatete taEO&e-tetoted '.ttortnT&cej to t6ts reapkatory Qreet avj 
cite- body cosaparttoeate oral feigi/ligs: I fee psteotlsl advontega; (ra cosai- 
btBblg dSEBqHVratitTC ttgKJjf «widHg Sifit ife^SjClvC iSKftoSnat 


Hb 4 cdducts^ oxidative ttonage to pulmonary DNA (7) ar.d BN A 
adducts in organs (lung, heart, liver, bladder, and testis), tissues 
(dissected tracheal epithelium), and cells (I3AL cells, mainly repre¬ 
sented by PAM) o' Sprague Bawley rats exposed whole body to ETS 
(7). ETS is a form of indoor air pollution resulting from the misture 
of sidestream srcolte and that portion of mainstream sntohe that is 
released into ambient air by actively smelting individuals. 

Oil the basis of these results, we designed a study aimed at evalu¬ 
ating the relative efficacy of several chemopieventive agents on a 
variety of smoke-related biomarkers in rats. Test agents included: jo) 
1,2-B3T; <£>; its substituted analogue OPZ, formerly used as a drag for 
schistosomiasis treatment; (c) PESTC. which is found at relatively 
high levels in watercress; ( d ) 5.&-EF, a synthetic flavonoid that 
interacts with the Ah sscsptor; end («) NAC, an analogue and precur¬ 
sor of G8H. All agents were given p.o., either as dietary supplements 
(1.2-D3T, GP2, PE1TC, and 5,S-BF) or in drinking-water (NAC). A 
treatment regimen combining OPZ and NAC was also assayed. The 
monitored biomarkers included: SNA adducts in SAL cells, tracheal 
epithelium, lung, and heart; oxidative damage to pulmonary DNA, 
evaluated by treasuring 8-GH-dG levels; Mb adduces of 4-ABP and 
3PDE; cytogenetic damage, assessed by measuring the frequency of 
MN and PN PAM and of MM PCE in bone marrow. The present 
studies provide evidence for the differentia! ability of various test 
agents to modulate ETS-related masters of biologically effective dose 
ami early biological damage. Furthermore, the study with, NAC and 
OPZ highlights the potential of combining chcmopreventive agents 
with distinctive mechanisms of action. 

MATERIALS AN© METHMOS 


!NTRODUCTSON 

Worldwide tobacco smoke is the leading avoidable cause of cancer 
and other chronic degenerative diseases (1-3). Prevention of this 
plague is chiefly based on antismoke campaigns, which have been 
successful in attenuating the epidemic of lung cancer mortality in the 
male population of several countries (4, 5). A growing interest is 
centered on protection of the host organism either by means of dietary 
interventions or by using chemopreventive drugs (4). Chemopreveis- 
hors may provide a complementary preventative approach in cunreni 
smokers as well as an important strategy for lowering the risk in 
exsmokers and in passive smokers. 

Evaluation of biomatltm in animal models is an essential step for 
the precLinical assessment of efficacy and safety of potential chemo- 
preventive agents (6). In previous studies, we investigated the optimal 
conditions needed for the time course formation and persistence of 


Animals, A loial of 64 male Sprague Dawley rats, aged 8 weeks, were 
purchased from Harlan Ttaly (Correzzana, Milan. Italy). The animals were 
housed ut the University of Genoa in a dimatized environment at g temperature 
of 22 ± l°C, relative humidity of 50 ± 3%, ventilation accounting for 13 air 
renewal cyclcs/h. and with a 12-h light-dark cycle. The rats were acclimatized 
for 7 days during which they were maintained on Teklad [EM Rat/Mousc Diet 
(Harlan Italy) and were given drinking wuter ad libitum. Their weights at the 
time of exposure to ETS are reported in Table 1. Animal care was Lit accord¬ 
ance with Italian and institutional guidelines. 

Ettpacatr® to 0$aF£i£e Sstsfec, The rats were divided into eight groups, 
each composed of eight animals. One group was kept in a filtered air envi¬ 
ronment (sham-exposed rats), whereas the remaining rats were exposed whole 
body lo Ihe smoke generated by Kentucky 251 reference cigarettes (Tobacco 
Research Institute. University of Kentucky, Lexington. KY). having a declared 
content of 44.6 mg of loud particulate matter and 2.45 mg of nicotine each. 
Before use. the cigarettes were kepi for 48 h in a slatuianlizsd atmosphere 
humidified with a mixture of 70% glycerol and 30% water. 

A mixture of sidestream smoke (89%) and mainslrcem smoke (11%). 
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4 The atferevialiuns used are: HI), himvgiohin; SAL, bronehualveolar lavage; PAM, 
pulnitmary aiveoiin macrophages; ETS. environmental tuba-on atntiiu;; I.2-D3T. 
12-dithiole-3-)htoae; OPZ. Qltipnu or 5-(2-pynizinylH-itreihy|,|2^iithiok.3.ihicae; 
PEITC, ^tcnylrihyl tsothiocy:±nat«; S.fj-BF, S.6-b«u»(lisvc3iE; MAC, W-ace^yi-t'cysfcipc; 
CSB. reduced gluiathloiw; B-OHniC, S-Eiyrfiofty-2:'”<ieoj£y8uaRO!*inc; 4-A£ip, 4 -lww»®5j> 
phenyl: 4‘-F^AIJP. 4^ftuoro«winftbiph«iyfc: EJPDE, fe«i«c^flft>yrettcr7.8-diq^ 1 l0- 
epiaidc: MW. micfomwleattd: PN, rolymtdcaiefJ; PCE. polyeivmAK e^r(hmcy*cs: 
DRZ, diagonal Kidicui^iive «wtu; CC-MS, gas cSutwiimv^yajrliy-mpa3 sjKciroitspjf. 
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aiOMaflKEHS AND CHEWflraiAeh'nVHS IN SStOSte-ESTWSEQ RATS 


Table I Body weight gain trj fats within eaeJt of the experimental groups 


Day of 

the experiment 




Body 'vi 




Sham 

errs 

ETS + OPZ 

ETS + I.2-D3T 

ETS + NAC 

ETS + NAC + OPZ 

ETS + PEITC 

ETS + 5.6-BP 

0 

295.9 £ 7.0” 

.300.(1 £ 9.(1 

302.1 £ 10.6 

2M.2 £ 8.4 

306.5 £ 87 

3D3.G ± 6.5 

305.1 t. 8.5 

304.2 * 10.9 

7 

303.9 i 5.8 

308,6 - 4,9 

303.1 *6,7 

286.1 * 11.1*-+ 

312.3 £ 10,4 

297,3 t 8.2 

305,0 4 ».« 

311.6 ± 10.1 

14 

335.0 ± 7.4 

327.1 £ 140 

324.0 + 9.3'' 

293.6 + BA*' 

329.1 ± 7.8 

325.9 ± 14.8 

32li.3 i 9J* 

329.6 + I4.T' 

21 

347.9 ± 10.1 

332.0+ ISy 

529.8 ±11.7' 

292.5 + HI.H 4 '" 

332.4 + 9.3' 

334.3 + I3,2 J 

322.6 4 )! 6’ 

329.3 + JAT* 

28 

366.3 ± 11.3 

338.4 ± 18.4' 

337.3 t IU' 

293.5 ± 11.5** 

330.0 ± 12.6* 

331.8 + 9.8* 

327.4 4 9.7* 

334.6 ± 12.* 6 


"Mean 2 SD. 

J p < 0.03.' P < 0.01. anil * P < 0.<»l. comjareJ with uliam-exposed raw. 
r P< 0.001. compared with ETS-e xposed rots. 


mimicking an exposure to ETS, was produced by using a smoking machine 
(model TE-10; Teague Enterprises, Davis, CA), where each smoldering ciga¬ 
rette was puffed for 2 s. once every min for a total of eight puffs, at a flow rate 
of l.OS liter./rrin to provide a standard puff of 35 cm 9 (Si. The machine was 
adjusted to bum five cigarettes at one time. 6 h a day divided in two 3-h rounds 
with a 3-h inlerval, for 28 consecutive days. Sidestream and mainstream 
smokes were aspirated in a mixing chamber before distribution to four expo¬ 
sure chambers Under those conditions, the tote) particulate matter in the 
exposure chambers was on an average 83 rrg/m *. and CO concentration was 
350 ppm. The position of tire cages in the exposure chambers was rotated daily. 

TeeatetsEt with Ossinopirevewtlve Agetrta. Of the seven groups of ETS- 
expased rats, one was kepi as a positive control, without any further treatment. 
The remaining rets received chemoprevenlivi: agents, starting 3 days before the 
first day of exposure to ETS and continuing; until the end of the experiment. 

5,6-BF. purchased from Sigma Chemical Co. (St. Louis, MO), and OPZ. 
I.2-D3T, and PEITC. supplied by the Division of Cancer Prevention Reposi¬ 
tory, National Cancer Institute (Rockville, MD), were incorporated in Teklad 
diet (Harlan Teklad, Madison. Wl) at concentrations of either 400 mg/kg diet 
(OPZ and I.2-D3T) or 500 mg/kg diet (PEITC and 5,6-BFi. The diets were 
prepared at the University of Alabama at Eluraipgbam by ceding the appro¬ 
priate amount of cSvemopreventive agent to B.0 kg of Teklad (4%) mash diet, 
using a Patterson-Kelly twin-shell blender with intensifier bar. Tire diets were 
mixed for 20 min, frozen at -80°C. and shipped to the University of Genoa, 
where they were kept si 4*C until use. An evaluated in preliminary MUX 
analyses performed nl tire University of Alsbuma at Birmingham, the chetno- 
preventive agents were stable in the dies fbr at least 28 days. NAC, either 
individually cr combined with dietary OPZ. was used in ihe form of a 
commercial product (Fluimucil; Zambon, Vicenza, Italy), which was dissolved 
daily in drinking water at a concentration accounting for a calculated imzte of 
-two mg/kg body weight/day. The actual intake of each chemopieveotive 
agent, in mg/kg body weight/day. was calculated by taking into account food 
and water consumption and the body weight gain of rats (see "Results" and 
Table 2). 

Cofattat of Slotted Samples. Afteir die 28-day pariod of exposure to 
ETS, the animals were starved for 34 h, anesthetized with ethyl ether, amt 
killed by cervical dislocation. The blood was immediately drown by bean 
puncture and fractionated into hematocril and plasma, which were stored 
separately at - ft0“C Packaged RBCs were shipped in dry ice to the University 
of Louisville fbr the analysis of Hb adducts. SAL was performed by lavaging 
the lungs of each rat with two 10-ml aliquots of cold (4°C> ft. 15 NaCI infused 
via a cannula inserted into the trachea. A portion of BAL cells from each 


animal was washed twice with 7t?M! 1640 and then spun onto slides in a 
cytocentrifuge and fixed with methanol for cytogenetic analyses. The remain¬ 
ing portions of BAIL cells, after washing, were pooled within each experimen¬ 
tal group of eight rats. The left femur of each rat was removed and dissected, 
and bone marrow cells were collected, smeared on slides, and air-dried for 
cytogenetic analyses. The tiechea, lungs, and heart were collected. The ciliated 
epithelium of the trachea was accurately scraped. All cells, tissues, and organs 
were stored at -St)°C until use. 

UNA Psitfisdtax. Heart, lungs, and tracheal epithelium from each rat and 
BAL ceils pooled within each group of rats were thawed aitd homogenized in 
a Potter-Elvehjem apparatus at 4°C m 250 mM sucrose, 5 him 0TT, 50 n» 
Tris-HCl (pH 7.6). DMA was isolated by solvent extraction using en automate 
extractor (Genepure 341; Applied BkvSystems, Foster City, CA) according to 
rite method of Gupta (9), with some minor modifications as described previ¬ 
ously (10). Due to the low amount of materia] available for each sample, DMA 
extraction ftom tracheal epithelium and DAL cells was achieved by using the 
seme procedure, except that 30 pi of QuiU-Precip (Edge-ESiosysteras, Gaith¬ 
ersburg, MD) were added during precipitation with alcohol. DNA was eluted 
with water. Purity of DNA was checked by spectrophotometric analysis < l£». 

ffijtecaEi® cj A dkferfe. Aliquots of 6 fig of DMA were assayed for tbs 

presence of DNA sulducis by butanol extraction, as described previously (11). 
Each sample was labeled with 64 pO of carrier-free [y-'^PlA. tt-’ (SCld Dic- 
chemicals, Irvine, CA), with a specific activity of STOOD Ci/mntol. TLC was 
carried out on sheets of polyethyleneimine (Mscberey and Nagel, Dtiren, 
Germany) according to standard procedures < 11 >. Based on the results of a 
previous study (7), 7 m urea and 3 m lithium formate (System A) were used in 
D3. However, in some experiments (see "Results”), vre comparatively used 
>sopropanol:4 m ammonium hydroxide (1:1, v/v; System IS). Autoradiography 
was performed by using a 1J P Instentlntuger Electronic Autoradiographic 
System equipped with InstantQuant software (model A2824: Packard, Meri¬ 
den, CTl. The relative adduct labeting index (cpm cdduct/cpm normal aisds- 
otides) was calculated, and DMA adduct levels in etch sample were expressed 
as DMA adducts/ I0P nucleotides. Due to the different amounts of available 
DMA. fits samples were assayed either in two separate experiments (individual 
iriEChes! epithelia and pooled BAL cells) or three separate experiments (indi¬ 
vidual hearts and lungs). A 7i?,85.9S-irihydroxy-10R4JV 2 -<JeoxygBn!iosyl-3 f * 
phospluHe)-7,8,9,IO-tetruhydrolKBza.a)pyreiie reference standard (National 
Cancer Institute Chemical Carcinogen Reference Standard Repository, Mid¬ 
west Research Institute, Kansas City, MO) was used as a positive quality 
control to check the labeling efficiency in each experiment. On the whole, 526 
,,S P postlafetling analyses were performed. 


Tablte 2 Average intake of themapreveniive agents during the 4 weeks of expumre u> £PS 


Wki of esposuie 
to ETS 

Unit 



Intake 6f chertiofireventive egent (mg or nwfiolAIay&g body wi) 


OPZ“ 

1.2-EW MAC+ 

opz" + naC 

PSSTf" 

5 t 6v0F 

t 

mg 

23.6 

2M 

1033 

245 + 1014 

3i,3 

ms 


mmo! 

0.1 

02 

6.3 

0.1 + 6.2 

0.2 

ai 

2 

mg 

25.2 

26.0 

m 

24 8 + 1118 

31.0 

30.5 


moral 

0.1 

0.2 

6.7 

0,1 + 6.9 

0,2 

0.1 

3 

mg 

23.2 

26 » 

1333 

19.3 + 1333 

31.1 

29.4 


ItUYWJ 

0.1 

0.2 

B.2 

0.1 + 8.2 

0.2 

04 

4 

m S 

2t).S 

259 

13U 

19.3 +■ 1298 

3fi8 

27^ 


ramol 

ai 

t>-2 

8.0 

0.1 + 6.0 

0.2 

0 1 


° 400 ppm wttti thy dirt. 

" 10,000 pjr» criih (Watting vc«r. 
r 503> ppm with dtp <fen. 


2473 


PM3006730889 


Source: https://www.industrydocuments.ucsf.edu/docs/kmvj0001 





n: 




m 







'S 






[S^Af 



aiOMARKERS ASa CHEMOPREVBfmviSS IN SMOKE-eXPUSED BATS 


Detecdkja of Oxtdfstlve DMA Dsnsage. Oxidative damage was evaluated 
in lung DMA samples pooled within each experimental group. A ,2 P postla- 
Cteliag procedure was used, as previously described (7, 12). As previously 
discussed (12). this procedure specifically detects 8-OH-dG. which is die only 
modified nucleotide retained in chromatograms developed in acidic medium. 
To avoid artifacts that may result from radiation-induced osidationnf guanine, 
a setective hydrolysis of 7R,(U,9S-irihy<llroKy-|Olt-(iV 2 -deoxyguanosyi-3'' 
phosphate)-7,8,9,IO-tetrahydrobenrci<a)pyre>re was achieved by treating depe 
iymerized DMA with 90% trifluoroacetic acid before the 12 T postlabeling 
reaction (121. The results were expressed ns a-OH-dO/TO’ nucleotides and 
woo generated in two separate experiments, each one assessing duplicate- 
pooled DMA samples. 

Deiisfjtsl of Hb AtMacSs, Hb adducts of 4-ABF and 3'PDE were evalu¬ 
ated al the University of Louisville by testing packaged slEC. 4-ABP and 
4’-P-ABP were purchased from Fluka Cftemika-Btechemika (Sonkoiikoms, 
NY) and Sigma-Aldrtch Chemical Co. (Miilwaultee. WI), respectively. Tri- 
methylamine in hexane was prepared by adding I g of trimetliy I amine hydro¬ 
chloride (Fluka) to 2 ml of water, neutralizing the solution with NaOEl and 
extracting with 10 ml of hexane. The internal standard, 4'-F-ABF. was recry s- 
lalllzed front dichtojorneihane-licxane and used to prepare a stock .solution of 
25 ng/ml in 0.1 k HCI which was stored at 4°C. Pentafluoropropionic anhy¬ 
dride was purchased from Fluka. The SBC were washed three times with 0.9% 
NtsCI and lysed by the addition of 15 ml of iice cold deionized water and 2 ml 
of toluene with vigorous shaking. After 15 min, the lysate was removed by 
centrifugation at 10.000 X g for 20 mini to remove cellular debris. Hb 
concentrations were determined by measuring the absorbance at 415 nm 
(nxyHfe: extinction coefficient. 125 i»m _ i ). 

4-ABP adducts were measured by GC-MS (13). Before extraction the Hb 
samples were spiked by adding 4(H) pg of the interna] standard 4’-F-ABP. The 
fib solution was made 0.1 M in NaOH and incubated for 2 h at room 
temperature. The hydrolysate was extracted twice with IS ml of methylene 
chloride, treated with 10 pst of trimethylaimine its hexane, derivatized by the 
addition of 5 jzl of penlafluoropsopionic luihydride, and evaporated under 
nitrugeix The residue was dissolved in 20 yd of hexane.'and a 3 -jjJ aliquot was 
injected into the GC-MS by using a Hewlett-Packard 3890 Series 31 GC 
connected to a 597i A mass selective detection BPDE-Hb adducts were eval¬ 
uated by means of a GC-MS procedure (14). Briefly, globin samples (3-5 mg) 
were hy*triyzed for 1 h with 0.3 M HCI al BQ°C. extracted three times with 
equal volumes of water-saturated isoamyl alcohol, and evaporated. Dried 
samples were dissolved in hexane (25 ft)) and derivatized with a mixture of 
trimethylchfottnilane, hexamethyldisifazane. and pyridine before GC-MS. 
Quantitation of benzo(o)py(ene leirol was calculated based an an external 
standard curve. The samples from each rat were nm either in eight replicates 
(4-ABP-Hb) or seven replicates (BfDE-Hb). 

EvaStsattan of Cytogenetic IPoramefcra. Slides of BAL cells were stained 
with a Giemsa 10% solution for 10 min. A total of 20tS) PAM per sample were 
scored for the presence of MN and PN (2:2 nucleifcell) PAM. Slides of bone 
morrow were scorned with May-Crriinwold-f liemsa according to the method of 
Schmid (15). A total of 3000 polychromalic erythrocytes (PCEl per sample 
were scored for Ihe presence of MN cells- For cytogenetic analyses, a total of 
448,009 cells were examined microscopically. 

SteSfsSte) /..ti:The effects of exposure to ETS and treatments with 
chemopreventive agents were evaluated by Student’s r test for unpaired data. 
Correlations between DMA adduct levels in different cell types and between 
different bioraai&ers were evaluated by using Spearman’s and simple regres¬ 
sion teste (lb). 

RESULTS 

Focal SntaEse awl Body Wefgfcf Gale, The daily food intakes per 
rat during the 31 days of (he experiment were not significantly 
different among shunt-exposed rats 119.5 ± 1.2 g/rat/day (SD)] and 
ETS-exposezJ tuts, either in the absence of chemopreventive agents 
(19 A Z. 0.9) or in the presence of NAC (19.5 ± 0.7), PEITC 
(19.5 X I.O), or 5,6-BF (18,9 X 1.2). Compared wish both sham- 
exposed and ETS-exposed rats. the overall food intake was slightly 
but significantly lower in ETS-exposed rats Heated wish OPZ 


OFZ + MAC (f 7.5 ± 2.2, P < 0.001). The dietary consumption in (he 
ETS 4- OPZ + NAC group was significantly lower than sillier in the 
ETS 4- OPZ group (P < 0.05) or the ETS 4- NAC group (,P < 0.001). 

Table 1 reports the body weights of the eight rais belonging to each 
one of she eight experimental groups, measured at weekly intervals 
during (he 4 weeks of exposure to ETS. A 23.4% body weight gain 
was recorded in the group of sham-exposed rats; whereas in ETS- 
exposed rats, itt the absence of chemopreventive agents, the overall 
gain was 12.8%. The body weight in this group was significantly 
lower than in sham-exposed rats after 3 and 4 weeks of exposure to 
ETS, Similar body weight gains were observed in ETS-exposed rats 
receiving most diemopreveniive agents, i.e,, OPZ fit,7%), NAC 
(7.7%), NAC plus CM (9.3%), PEITC (7.3%), isitd 5,6-BF (10.0%). 
The group of rats treated with t,2-f>3T was the only one in which 
there was no body weight gain during the period of exposure to ETS, 
the body weight being significantly lower, at all rimes, than in sham- 
exposed rats and in ETS-exposed rats without chemopreventive 
agents. 

AsSibe! M&fce a? CttWOtKrevcitfiive AeskSe. The actual intake of 
each cteemopjeverctive agent was calculated by taking into account the 
concentration of each agent, either in the diet (OPZ, 1,2-03T, PEITC, 
and 5.5-BF) or itt drinking water (NAC), the daily consumption of 
food or water (date not shown), and the body weights of rats (Table 
1). As shown in Table 2, the actual intakes were, depending on the 
week, 21.4-26.1 mg/day/kg body weight for I.2-D3T, 30.8— 31.3 for 
PEITC, and 27,4-30.5 for 5,6-BF. The intake of OPZ was 20.5-25.2 
mg/day/kg body weight when given clone end 19.3-24.8 when given 
in combination with NAC. The intake of NAC was 1.1-1.3 g/day/kg 
body weight when given alone, and 1.0-1.3 when given in combina¬ 
tion with OPS. 

MsdoaltaflsHi aS ^JP-gsasSteteW DMA AtMincte. Tire autoradio¬ 
graphic patterns were similar in BAL cells, tracheal epithelium, lung, 
and heart. In particular, up to four discrete spots could ba distin¬ 
guished in sham-exposed rats; two spuls, close to the origin of the 
chromatogram, were identified as c I and c2; two spots, characterized 
by a greater mobility, were identified as I and 3 (not shown). Spot I 
was delected in al! cell types, whereas spot 3 was detectable only in 
the lung of sham-exposed rats. In ETS-exposed rats, 3 spots (1-3) 
were evident and consistently delected, and spots ci and c2 were 
replaced by a massive DftZ (Fig. 1.4). 

Table 3 summarizes the results obtained in the eight experimental 
groups, In sham-exposed rats, the levels of ;< "P-pcrst!aheled DMA 
adducts ranked as follows; heart > lung > BAL cells > tracheal 
epithelium. Exposure to ETS resulted in a marked increase of spots 1, 
2, and 3 and in the appearance of a DKZ. The ratio of total DMA 
adduct levels in ETS-exposed verms sham-exposed rats was 14.5 in 
the tracheal epithelium, 10,3 in BAL cells, 8.5 in lung, and 6.5 in 
(leant. 

With the exception of OPZ, alt tested chemopreventive agents were 
suceessfui in inhibiting the formation of ETS-reJated PNA adducts !o 
a significant extent (Table 3). Table 4 shows at a glance the effects 
produced by chemopievetttive agents on the monitored end points. 
Tire modulation of DMA adducts in BAL cells was least evident after 
the statistical analysis, because the necessity to work with pooled 
samples lowered (he degrees of freedom. In any case, it is clear from 
both Table 3 and Table 4 that OPZ failed to affect DMA adduct 
formation in at! types of cells. 1.2-D3T was ineffective in BAL cells 
but significantly decreased rota! DNA adducts and Oi’iZ in the lung 
and trachea! epithelium; in addition, it inhibited spot 2 in the heart. 
PEITC, 5,6-BF, NAC, and its combination with OPZ displayed a 
potent and broad-spectrum inhibition of the ETS-indueed nucleotide 
alterations. 

Modulation of DMA adducts by chemopreventive agents was cal- 


(1*5 ± 1.6,,A c 0.01), 1.2-D3T (ISO t 2.6, » < 0.01), or 
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BEOMAHKEflS AfSi - 1 lOPHEVEMTIVES IN SMOKE-BXFOSED RATS 



Fif-. 1- Autoradiographic patterns of ' 2 P-poai labeled DNA adducts in the lung of 
SETS-exposed rais, as detected by using two chromatographic conchlions. referred u> as 
System A end System B (see text), 


collated as [100 - (C - A/B - A) X I0QJ, where A is DNA adduct 
levels in sham-exposed rats, B in ETC-exposed rats without cftemo- 
preventive agents, and C in ETS-expased rats with each chemopie- 
ventive agent. The resulting ran!: of potency in inhibiting ETS-relaSed 
total DNA adduct was as follows:: BAL cells, OFZ + NAC 
(75.3%) > NAC (72.7%) > 5,6-BF (67.9%) > PEITC 
(57,6%) > 1 .2-P3T (46,1 %) > OPZ (1 4.7%, not significant); tracheal 
epithelium, OPZ + NAC (65,4%) > NAC (63.0%) > 5,6-BF 
(62.6%) > PEITC (59.1%) > 1.2-D3T (42.4%) > OPZ (17.1%, no! 
significant); lung cells, OPZ + NAC (75.6%) > 5,6-BF 
(71.1%) > NAC (59.6%) > PEITC (52.9%) > 1.2-D3T 
(23.6%) > OPZ (—4.9%, /.<?., a nonsignificant increase); heart, 
5,6-BF (60.2%) > PEITC (46.3%) > OPZ + NAC (41.9%) > NAC 
(36.2%) > 1.2-D3T (25.2%) > OPZ (10.2%, not significant). 

Thus, combination of NAC with OPZ was consistently more effi¬ 
cient than NAC alone, but only in the lung inhibition of total DNA 
adduct levels by OPZ + NAC was it greater than the sum of the 
effects produced individually by the OPZ/NAC combination. Indeed, 
DNA adduct levels in the lung of ETS-exposed rats receiving 
OPZ + NAC (8.5 ± 3.6 adducis/tff“ nucleotides; see Table 3) were 
not only much lower than in rats receiving OPZ alone <25.5 ± 5.2, 
p < 0.001) but also appreciably lower than in rats receiving NAC 
alone (12.1 t 3.4); this difference was statistically significant 
(P = 0.05). 

The effects of exposure to ETS and treatment with chemopreven- 
tive agents on DNA adduct levels were quite similar in the different 
types of investigated ceils. In fact. DNA adduct levels in the lung, 
tracheal epithelium, BAIL cells, and heart among the eight experimen¬ 
tal groups were highly correlated, as follows: lung versus tracheal 
epithelium: total adducts, r = 0,955; P < 0.001; DRZ, r = 0,977, 
P < 0.001; spot l, r - 0.358, not significant; spot 2, r — 0,877, 
p < 0.01: spot 3, r = 0.860, P < 0.01; versus BAL ceils: total 
adducts, r = 0.893. P < 0.01; DRZ, r = 0.990, P < 0.001; spot 1, 
r = 0.583, not significant: spot 2, r = 0.818, P < 0.01; spot 3, 
r = O.S68, not significant; lung versus heart; total adducts, r = 0.828, 
P < 0,01; DRZ, r = 0.855, P < 0.01; spot 1, r = 0.79S, P < 0.05; 
spot 2, r - 0.710. P < 0.05; spot 3„ r = 0.843, P < 0.01; tracheal 
epithelium versus BAL cells; total adducts, r ~ 0,988, P < G.C01: 
DRZ, r * 0.985, P < 0.001; spot 1, r - 0.660, not significant; spur 
2, r = 0.353. P < 0.01; spot 3, r - 0.639, not significant; tracheal 
epithelium versus heart: tots) adducts, r = 0,945, P < 0.001; DRZ. 
r = 0.922, P <. Q.S9I; spot 1, r = 0,539, net significant, spot 2, 
r * 0.856. P < 0.01; spot 3. r = 0.958. P < 0,001; SAL cells versus 
heart; total adducts, r — 0.893. P < 01.0!; DRZ, r — 0.864, P < 0.01; 
spj.: I, r — 0.527, not signiftccsQt; spot 2, 0,824, p < 0.05; spot 3, 
r = 0.589, not significant. 


CetBpaefears of Two OsewraKair^ptJjtMr; CossSlMjrBS @st Ewefessj- 
tog EsaMbiSliiH o? DNA A&S«£te 8 b LetEig Sty ©SB^rtas osznHfo? 
W-AceSyS-l-cystetas. The observed effects of NAC and OPZ on 
smoke-induced formation of DNA adducts, as described in the pre¬ 
vious section, were opposite to those found in another laboratory (sss 
“Discussion"). This prompted us to perform additional experiments 
aimed as assessing wbe,her these discrepant findings may bs ascribed 
to the different conditions followed for the TTLC separation of ,2 3 5 - 
post labeled DNA adducts. When using System A, which was the one 
used in all other experiments of the present study, the data (mat shown) 
were fully comparable wish those reported in Table 3. 

DNA adduct patterns its the lung, as detected by using System B, 
were different from those detected by using System A, in dial no DRZ 
was visible, and four discrete spots were detected, the chromato¬ 
graphic positions of which did not correspond to tbs three spots 
detected with System A (Pig. 8). Total DNA adduct levels in tfes Sung 
of ETS-exposed rats were 15 times lower than those detected with 
System A, and inhibition patterns were also completely different. In 
feci, when using System S, NAC treatment did sioj affect DNA adduct 
levels and patterns, whereas OPZ produced an attenuation of DNA 
adducts (data not shown), A further decrease in DNA adduct levels 
was produced by combined treatment with OPZ and NAC, which 
significantly decreased both total DNA adducts and spot 1. Further¬ 
more, the combined NAC/OPZ treatment significantly decreased total 
DNA adducts (P < 0.05) as compared with treatment with OPZ alone 
as well as total DNA adducts (P < 0.01), spot 1 (P < 0.03), aitsS spot 
2 (P < 0.01) as compared with treatment with NAC aloae (data nos 
shown). NAC did not inhibit at all total DNA adducts, OPZ pjoduced 
a 35.3% inhibition, and OPZ + NAC produced a 53.8% inhibition. 
Therefore, although individually Che two drugs yielded opposite ef¬ 
fects under the two chromatographic conditions, their combined treat¬ 
ment consistently yielded mere than additive effects. 

M®dffi)fc)foa ®7 ©JsKMve M4A IOoseer, Oxidative DNA damage 
was evaluated in lung cells by measuring 3-OH-dG levels. The results 
reported in Table 3 are means i 3D of the values recorded in two 
separate experiments, each one assaying in duplicate lung DNA 
pooled within each group of rats. Exposure of rats to ETS resulted in 
a 2.2~fold increase of 8-QH-tSG as compared with sham-exposed rats. 
As also shown in Table 4, all tested chemoprevemive agents were 
successful in preventing the ETS-ittduced oxidative damage of pul¬ 
monary DNA, to such an extent that 8-OH-dG levels were comparable 
with those observed in sham-exposed rats. 

The profiles of 8-OH-dG levels in Sung DNA in the eight treatment 
groups were poorly correlated with DNA adduct levels in the same 
ceils. The only significant correlation was between 8-OH-dO aw) 
DRZ (r = 0.720, P < 0.05), which indicates a parallel effect of 
exposure to ETS and treatment with chsmopreveutivc agents on this 
marker of oxidative DNA damage and the nucleotide alteraiicits 
contributing to formation of DRZ. 

KtaMaSISosi Hilo AsMeeSs, The results of Mb edduct analyses are 
summarized in Table 3, where site data are reported as means ± SES 
within the eight rats composing each experimental group. The samples 
from each rat were run either in seven (BfDJL-Bb) or eight (4-ABP-fffe) 
replicates. Exposure of mis to ETS resulted in powerful tastsasss of teh 
4-ABP-ffb aiduxts (<®.9-fo!d) and MDE-Hfo aMucss (29.6-foM). All 
cfeantaprevesttive agents produced significant fecreases of ETS-in&tosd 
Fib saMscts (Tables 3 Mid 4), In getters!, tnhibaticjt of 4-ABP-Edb adducts 
was more prortotBicsd than itcSubtdcn of adducts, in gartccjrtsr, 

ths renh of potency in titWliiSing BTS-seJasad 4-ASP-Mb gAhtsas, 
caiculatsd ejs iiuEcatsd for BNA sdducss, was: OPZ + NAC 
(68.0%) > S,MF (52.3%) > PEITC (30.8%) > NAC (42.7%) > U- 
D3T (33.8%) > 0?S (33.6%). Tte wash ks SFOE-Hb csisktas v.v-x 
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BinWARKERS AND CliEMOTREVENTIVES IN SMOKE-EXPOSED RATS 


Table 3 Modulation ttf molecular and rytagMctu andflaiats by chemoprcve/uive agents in rat organs* tissues. and calls 






Treatment gnnips 




Endpoint 

Slum 

ETS 

ETS + OPZ 

ETS ± 1.2-D3T 

ETS + NAC 

ETS + NAC -4- OPZ 

ETS + PEITC 

ETS i* 5,6-BiH 

DNA adducts in BAL cells" 

Spot l 

0.7 <: 0.2* 

24 ±0-7* 

2.0 ± 0.5‘ 

1.1 ± 0.5 1 

0.9 ± 0.T f r 

o.a ± o.r* 

0 5 ± 0-1" 

2.0 ± QA < J 

Spot 1 

0,0 ± 0.0 

0.6 ± 0.2* 

o.4 so.r 

0.2 ± 0.1" 

0.2 ± OX? 4 * 

0.1 £ 0.1"* 

o.i ±o.r a 

6.2 * 0.O " 

Spot y 

0.0 i: 0.0 

0.5 a: 0.1 r 

0.3 S 0.1' 

0.3 3: 0.1" 

o ,2 ± o.r" 

ft.l *0.ff * 

o.i + o,r‘ 

0,4 * 0.2 A * 

DRZAfx*ts cl and c2 

2.2 ± 0.6 

26.8 ± 3.0* 

23.3 ± iff 

13.9 i 3.<T ' 

9.0 ± I K’ " 

8.6 ± 2.5''" 

11.7 * yy M 

9.0* 2,1”" 

Toial 

2.9 it 0.7 

30.0 ± 3.2* 

26.0 ± %A r 

17.5 ± 3.3 r ' 

10.3 ±2.r*' 

96 i 3.2* * 

14.4 ± 3.2* * 

11.6*2.4"' 

DNA juktocu th Use trachea! epithelium 0 

Spot 1 

U * 0.7 

2.0i 1.1 

1 . 610,8 

1.6 i 0.7 

1.5 ±0.7 

1.4 ± 0.6 

E .& ± 0.6 

2.3 ± 0.6 

Spot! 

0.0 ± 0.0 

0.« r 0,5" 

0.7 r 0.2" 

0.5 i 04' 

0.5 £0.3’' 

0.4 * 0.4*' 

0.5 ± 0.3" 

O.J £ 0.2*" 

Spot 3 

0.0 ± 0.0 

0.7 * 0.7< 

0.6 i o.r 

0.4 - 0.4’ 

0.3 £ 0.2*'" 

0.3 ± n.3*'-' 

0.4 £ 0.3*' 

0.2 * 0.2^* 

DRZftpots cl and c2 

0.7 * 0.4 

2-7 1 ± 5.0 

20.3 ± 3. r 

UA 5 4.8"'* 

9.1 £ l.T " 

S.S * 2.7”* 

9,7 * 1.7 * 

8.7 i 2.5”* 

Total 

1.9 i: 1.0 

27.6 i5.l f 

23.2 ± 3.4' 

16.7 ± 4.6' « 

lUi3.l°* 

10.81 2.2’ * 

12.4 ±2.1"'" 

11.3 *2.2”* 

DNA tuhtucu in the lung" 

SpGl I 

1.7 ± 0.7 

6.3 ± 12? 

7.5 ± 2.6" 

5.8 ± 2.3" 

4.0 ± 1,7*" 

3.o ± i.y^ 

4.7 + 1,7" 

3.5 ± 2.y- ■’ 

Spot 2 

0.0 ± 0.0 

2.2 ± 0A* 

2.6 r 0.6" 

2.0 ± 0.B r 

1.5 ± 0.6" " 

0.8 * 0.5’ * 

1.0 ±0.7*^ 

0.6 £ 0.2”* 

Spot } 

0.2 i 0.2 

2.9 ± OS 1 

3.2 ± 0.9" 

3.oi i.r 

1.6 ± 0.6" ' 

1.2 * 0.4 r * 

1.3 ± 07‘ * 

1.0 * 0.7** 

DRZ/spots ci ami t2 

1.2 :t 0.6 

14.2 * 4.2’ 

13.3 H 3.8' 

9.4 * 2.2" 

S.O ± 1.2”* 

3.5 I 1.6* " 

6.6*25”* 

4.4 *2.0”* 

Total 

3.0 ± 1.1 

253 ± 5.2" 

26.6 i4.l r 

20.2 ± 4.5" " 

12.1 1 3.4”* 

8.5 ± 3..V * 

l l.fr r 3,6”* 

9.5 £ 5.17“ 

DNA adducts in the Swart 0 

Spot 1 

23 zt 1-3 

4.5 + 12 J 

5.4 ± 2.4' 

4.8 ± 1^ 

4.1 ± l.T 

4.3 ± I.O' 

4.5 ± 1.4" 

4.7 * 1.7* 

Spot 1 

0.0 ± 0.! 

1.7 ± 1.1" 

0.8 ± O.S' 

0.6 ± VA Jr 

o.3 ± o.r 

0.3 ± 03 rx 

0.4 ± O.T'•* 

0.3 ± 0.2*' 

Spot 3 

OX) ± 0.0 

1.4 ± l.V 

0.9 ± o.fp 

0.7 ± 0^" 

0.4 ± 0.5 s 

0,3 ± 0.4‘-' 

0.6 ± 0.4' " 

o .2 * o.y» 

DRZ/upcts cl and c2 

2.1 ± 1.2 

21.6 ± 4.9 1 

19.6 ± 2.5 ( 

16.7 ± 1.9 " 

15.4 ± 3.V " 

13.5 £ 1.2’ * 

12,2 £ 2.4"A 

14.1 i 3.2" " 

Total 

45 * 1.2 

29.1 * 5,4’ 

20,0 t 3.9* 

22,9 t. 3,1"'" 

30.2* A J”“ 

18-8 * 2.3-' 

17.7 ± 2.9*‘* 

19.3 ±4,4" " 

Oxidative damage io tone DNA 

S-OH-dG' 

^•4 

it 

p 

*4 

3.7 ± 0.7* 

1.9 ± 0.6" 

1.7 ±0.7" 

1.5 ± 0-4" 

1.3 ± 0.2" 

1.5 ± 

1.3 ± 0.7" 

Kemogkrinn adducts 

4-A8P' 

2.5 ± 0.1 

116.3 ± 2.0?’ 

78.2 ± W'* 

77.8 ± 1.0 “ 

67.7 ± 0.9' - 

38,9 ± o r " 

38.5 * 1.2”* 

56.8 ± 3.2'’ A 

BPDE' 

2.2:tO. i 

63.1 * 2.8" 

49.9 r l.l'"* 

47.7 ± I ff '' 

47.1 ± U’ " 

30.6 ± 11.2“ 

49.5 * 0.8”* 

493 + 1.3”* 

Cytogenetic damage 

MN PAM (%c) 

0 8 ± 0.5 

2.5 ± O.T 

2.1 i 0 b 1 " 

5.2 ± 1.3"* 

1.8 ± 0-7**" 

1.6 ± 0,7"'' 

0-9 ± 0.4* 

1.6 ± OX' r 

pnpampm 

63.1 :fc 14.9 

107.3 * 2S.6’' 

97J ± 

83.6 ± 19,6 

7o.i ± n.s* 

79.9 £ 16.2”' 

66.8 ± 18.7* 

72,9 * 27.J" 

MN PCE «8.) 

0 8 ± 0.5 

1.4 * 0.6’ 

1.3 ± M 

t.3 ± 0.6 r 

0.8 ± 0.5" 

0.3 ± 0.5" 

0.6 ± 0.4* 

0.5 *0,3" 


- Attdncts/10 B iiKctentidss. Chromatographic System A was used {see lext). 

" All resnta are means ± SD (see (cat). 

1P 0.05 , J PS 0.01. and ‘PS 0.001. eorrpared r. till sham-exposed ram. 

* P 5 0.05, ‘f s ftOl. and * P s SI.00!. rentptieti with ETS-e xposstl rats, in the absence of chemcpreveniivc agents, 
1 S-OH-xIG/iO 3 nucleotides. 

1 pmol 4-A3P/mg gtobin of pnwl BPDE/rag gkjbitt. 


OPZ + NAC (54.8%) > NAC (20.6%). > U-EJT (27.7%) > 5,6-BF 
and PE1TC (24.8%) > OPZ (24.2%). 

Thus, combination of NAC with OPZ was by fair the most effective 
treatment, yielding a 68.0% inhibition of 4-ABP-Hb adducts versus 
76.1% resulting from she sum of the individual effects, and an ob¬ 
served 54.8% inhibition of BPDE-Wt adducts versus, an expected 
52.8%. Inhibition of both 4-ABP-Hb and BPDE-Hb adducts by the 
MAC/QPZ combination was significantly greater than inhibition pro¬ 
duced by either cheinoprever.live agent individually (P < G.CQI). 

There was a high and significant correlation (r = 0,937. P < 0.001) 
between levels of 4-ABP-Hb and BPDE-Hb levels among the eight 
experimental groups. Moreover, die levels of both 4-ABP-Hb and 
BPDE-Hb adducts among the eight groups were highly correlated 
with the levels of DMA adducts (total, DRZ, spot 1, spat 2, and spot 
8) in KAL cells, tracheal epithelium, lung, and heart (data riot shown). 

McsStsiafea of Cytogenetic Sharnraiefees. Exposure of rats to ETS 
resulted in a significant increase of MN PAM (3.1-fohi) andPN PAM 
(1.7-fold), and of MN PCE (1.8-fold) in bone marrow. Chemopreven- 
live agents had variable effects on these cytogenetic parameters (Ta¬ 
bles 3 and 4). The dithioJthiooes OKI and 1,2-DJT failed to inhibit 
ETS-related alterations, and J.2-D3T even enhanced to a significant 
extent the frequency of DOT PAM, wtukh was 2-1-fold higher than tit 
ETS-exposed rats in the absence of any chemopreveniive agent. In 
contrast, FE1TC, 5,6-BF, NAC, and its combination with OPZ signif¬ 
icantly inhibited all cytogenetic alteredions induced by STS. 

The rant of potency in inhibiting ETS-related cytogenetic alter¬ 
ations was as follows: MW PAM, PEITC (89.1%) > OPZ - NAC 


MN PCE. PE5TC and 5,6-BF (both 100%) > OPZ + NAC 
(93.5%) > NAC (87.1%). 

DISCUSSION 

Whole-body exposure of Sprague Dawley rats io ETS consistently 
resulted in significant alterations of ail of the investigated parameters, 
which covered a range of early biological modifications, from molec¬ 
ular damage to cytogenetic alterations. Pramuiugentc lesions were 
strongly enhanced in smoke-exposed rats, as shown by 6.5- to 15-fold 
increases of total DNA adduct levels in lung, heart, tracheal epithe¬ 
lium, and BAL cells. Moreover, the levels of two specific Hb edduds 
related to smoke exposure (BPDE and 4-ABP) were increased 30- 
47-fold. The intensity of oxidative DNA damage (8-OH-dO levels) in 
lung cells as well as cytogenetic alterations both in the lower respi¬ 
ratory tract (PAM) and in bone marrow (PCE) were also significantly 
increased after exposure of rats to ETS, but to a less dramatic extent. 
These results are in agreement with the conclusions of our previous 
studies concerning the formation and stability of ETS-related DNA 
adducts in various ra! tissues (7), induction of 8-OK-tlG in lung cells 
(7), formation of 4-ABP- and BPDE-Hb adducls.'’ and induction of 
cytogenetic damage in smoke-exposed rodents (reviewed in Ref. 17), 
In the same papers, we thoroughly discussed the possible pathogenetic 
meaning of these biological alterations. Taken together, these results 
converge in providing further evidence that cigarette smoke is a 
powerful inducer of genotosic damage in multiple organs of exposed 
rodents, which contrasts with difficulties encountered in reproducing 
smoke-related lung carcinogenicity in animal models (3, 38). 

The five chemopreveniive agents, administered p.o., end tits corn- 


(53.7%) > 5.6-Iip (49.7%) > NAC (42.9%); f*N CAM. PEITC 
(91.5%) > MAC (84,2%) > 5.6-BE (77.8%) > OPZ+NAC (62.0%); 
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BIOMAftKEfcS AND CIIEMOHUSVCmrVES sMOKTi-EXPOXEtf RATS 


Tabic 4 iurniwry o/ /Ae cjjer/i produced by (.-hemopreventive events on ETS-tmluced biomarters 






Treat mint grwfnt 



Eftdpoinl 

El'S 4- OPZ 

RTS 1- DTT 

ETS + NAC 

ETS + NAC 4- OPZ 

ETS + PEJTC 

ETS + BF 

DMA sdduett in BAL cells 

$1WR l 

—* 

— 

i 


i 

— 

i 

Spol 2 

— 

— 

i 


f 

i 

i 

Spot ? 
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— 

i 


i 

i 

i 

DRZ 

— 

i 

i 


i 

i 

i 

Telol 

— 

j 

i 


i 

i 

i 

DNA adducts in (be (rutteal epithelium 

Spot 1 

—- 

— 

— 


— 

— 

— 

Spot 2 

— 

— 

— 



— 

t 

Spot 3 

— 

— 

i 


i 

i 

i 

DRZ 

— 

i 

i 


1 

i 

i 

Total 

— 

i 

i 


1 

i 

i 

DHA adducts in tltc limo 

Spot 1 

— 

— 

i 


i 

— 

4 

Spot 2 

— 

— 

i 


i 

4 

1 

Spot 3 

— 

— 

i 


i 

l 

4 

DBZ 

— 

t 

i 


i 

i 

1 

Tola) 

1-W 

i 

i 


i 

l 

l 

DMA adduct.*, to the haart 

Spot 1 

— 

— 

_ 




_ 

SpoJ 2 

— 

i 

1 


i 

1 

J 

Spot 3 

— 

— 

i 


i 

1 

J 

DRZ 

— 

t 

i 


i 

i 

4 

Twd 

— 

i 

i 


i 

1 

4 

Oxidative DNA damage in lung 

S-QG-dG 

1 

i 

i 


i 

1 

4 

Hemoglobin adduct* 

4-ABP 

1 

i 

i 


i 

l 

4 

BPDE 

l 

i 

i 


i 

4 

4 

Cytogeiresic effect* 

MN PAM 

— 

t 

i 


i 

1 

4 

PN PAM 

— 

— 

i 


i 

4 

4 

MN PCE 

— 

— 

i 


i 

4 

4 


n f , significant increase compared with rais exposed lo ETS only: I , significant decrease compared with rots exposed to ETS only; —no significant variation. 
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bination of two of them were evaluated only in conjunction with 
exposure to ETS and at one dose for each agent. Agents and doses 
were selected based on out previous simdies. data in the literature, and 
past or ongoing National Cancer Institute-spoasored studies (see, e.g,, 
kefs. 19-32). CPZ and 1.2-D3T wen: administered at doses close to 
their maximum tolerated doses. MAC was used at a relatively high 
albeit nontoxic dose, PEITC was mtsd at a dose that was highly 
effective in prior studies with 4-(methylnitrosaminol-M3-pyridylH- 
bjtar.one (19). 

Under our experimental conditions, the two dichiolethiones admin¬ 
istered to ETS-exposed rats displayed some adverse effects. In par¬ 
ticular. 1.2-D3T was frankly toxic, as shown not only by the impaired 
food intake but especially by the striking Sack of body weigh: gain. In 
addition, this treatment resulted in a unarmed and significant increase 
of MN in PAM cells populating terminal airways. The only genotoxic 
effect available to our files, concerning l,2-D3T or its substituted 
analogue QPZ, is an increase of sister chromatid exchanges induced 
by OPZ in mammalian cultured cells at relatively low concentrations 
(0.1 (ug/rnl medium) (20), Certainly, the selective genotoxic effect 
produced by 1.2-D3T in PAM and not in bone marrow PCE of 
EPS-exposed rats and the systemic toxicity of this treatment in terms 
of lack of body weight gain warrant (further studies, especially aimed 
at assessing whether these adverse effects of 1,2-D3T require the 
concomitant exposure to smoke or ireflect a genotoxic potential of 
S.2-D3T per se in PAM. 

St is well documented that dithioietl'.iorcs possess amigenotoxic and 
attticarcirwvgenic properties in a variety of experimental test systems 
(6, 21.22). Among other mechanisms, these compounds act as moito- 
functional inducers of pSiase II enzymes (21). Sn the present study, 
OPZ atone failed to significantly affect site ETS-relmed formation of 
DNA adducts and induction of cytogenetic damage, whereas it sig¬ 
nificantly attenuated the pulmonary oxidative DMA damage and 


4-ABP-Hb and BPDE-Kb adducts. Apart from its systemic toxicity 
and gcnotoxicity to PAM, I.2-D3T significantly decreased ETS- 
induced total DMA adducts and DRZ in BAL cells, tracheal epitfes- 
lium, and lung and total adducts, DSZ and spot 2 in the heart, 
oxidative damage to lung DMA, and Hb adducts to 4-ABP and 3?DE 
Tne three remaining cfeemopreventive agents, i.e.. S.6-0F, 
FE5TC, and NAC, were the most potent inhibitors of ell of the 
investigated alterations resulting from exposure of ret. to ETS. 
5.&-BF is a broad-spectrum inducer of Phase 3 and Phase II 
activities involved in the metabolism of xenobiotics (23). We 
previously showed that this agent is profound inhibitor of 7,12- 
dimethylbenifajanthracene-induecd DNA adducts and mammary 
carcinogenesis in rats <24j. PEITC, like other organic isotitiucyn- 
nates, inhibits Phase E enzymes involved in carcinogen activation 
and at the same lime induces Phase 111 enzymes that accelerate 
cellular disposal of activated carcinogens (25). This effect has been 
also reported to occur with typical components of cigarette smoke, 
such as 4-(ntcthyltHtrosainino)-] -(3-pyridyl)- 1-buianotic (26). It 
has been postulated that enzyme induction is signaled by free 
isothmeyanates, the intracellular concentrations of which are in¬ 
versely related to cellular GSK stores because isothiocyenates are 
readily and reversibly converted to dithiocarbamates (27). Either 
per se or as a precursor of intracellular cysteine and GS!K, NAC is 
a weak inducer of both Phase D and Phase II enzymes and exerts 
antigenoioxic and anticarcinogenic effects through a variety of 
mechanisms, among which are nucleophilicity asuS scavenging of 
reactive oxygen species (28. 29). NAC has previously been found 
to significantly attenuate cytogenetic alterations in Sprague Duv/- 
ley rats (30) and C57BL X BBA42 F, mice (i7► as well as edduets 
to either mitochondrial DMA (31) or nuclear DMA (10. II. 28, 32) 
in various tissues of Sprague Dawley rats exposed whole body so 
mainstream cigarette smoke. 
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In general, there was a close parallelism and a significant correla¬ 
tion in the modulation of total DNA adducts, DRZ, and the three 
individual spots among the four types of cell populations. Formation 
of DNA adducts in the mixed ceil lung population, in tracheal epi¬ 
thelium, ami in BAJL cells reflects sn increased risk of developing lung 
cancer and perhaps certain chronic distinctive pulmonary diseases, 
whereas formation of DNA adducts in perennial cardiac myocytes has 
tentatively been associated with smoke-related cardiomyopathies (33). 
However, both FEITC and NAC (34) and a mixture of PETTC and 
benzyl iso thiocyanate (33) tailed to miubil the weak tomorigenic 
response induced in the lung of A/J mace exposed to ETS for 5 
months, followed by 4 months of recovery in filtered air. A good 
parallelism and a significant correlation also occurred in she modula¬ 
tion of 4-ABP-Hb and BPDE-Kb adducils. which in turn were both 
highly correlated with total DMA adducts, DRZ, and the three indi¬ 
vidual spots in all investigated ceil types. GSH and Kb compete for 
reaction with nitrosobiphenyl, a reactive metabolite of 4-ABP Shat 
covalently binds Hb (36), which explains the observed protective 
effect of precursors of intraceiluiarCtSH. such as NAC, which even in 
nonsmoking humans has Steen shows to Sower 4-ABP-Hb adduct 
levels (3?). These patterns should he taken into account in the design 
and choice of biomarkers in Phase II ctiemoprevetitive trials in 
smokers. 

The efficiency of NAC in inhibiting DMA adducts, coatrastsng with 
the lack of protection by OPZ, deserves particular comments. In fact, 
opposite results have been obtained in another laboratory, in which 
NAC failed to inhibit the formation of lipophilic DNA adducts tit 
tissues of Sprague Dawiey rats exposed whole body to sidestream 
smoke (38), whereas QPZ was effective in the same mcrefel (39). The 
results of comparative analyses provided evidence that the above 
discrepancies are methodological and namely depend on the chro¬ 
matographic conditions used in U3 for (he separation of ^P-postla- 
bsled DNA adducts. Tfce problem is that, as evaluated in the compar¬ 
ative analyses reported in a previous study (?) aad confirmed herein. 
System B yields a much lower amount of DNA adducts than System 
A and fails to detect the massive DRZ which is the expression of die 
multitude of DMA-binding agents present in cigarette smoke. Because 
System B underestimates the overall genotoxic potential of cigarette 
smoke, evaluation of the efficacy of chemopreventive agents by using 
this procedure is made only toward & few selected components of this 
complex mixture. In our experimental model, NAC was much more 
effective than OPZ in modulating all ETS-related biomarkers. In 
humans, NAC administration was found to decrease DNA adduct 
levels in SAL cells of Dutch smokers (40), and decreased the load of 
smoke-related urinary mutagens in the majority of the Italian subjects 
thus far examined (41). In contrast, OPZ failed to modulate the 
excretion of urinary mutagens in Chinese smokers. 6 Therefore, on llie 
whole, the data available in both humans and experimental animals 
suggest that NAC compares favorably with OPZ in attenuating 
smoke-related bio markers. Nevertheless, Inc findings that administra¬ 
tion of OPZ to rats inhibits smoke-tnduosd lipophilic DNA adducts in 
the lung, as shown by Arif ei at. (39) and confirmed in this study, and 
EitKt OPZ can block in vitro alterations of human fetal lung DNA 
caused by cigarette smote condensate (42) deserve further attention 
on some possible protective role of OPZ in smoke carcinogenesis. 

Ait interesting issue was the outcome; of the combination of NAC 
(given with drinking water) and OPZ (given with the diet) in modu¬ 
lating the monitored biomastcers, due to the distinctive sad possibly 

"A. Caraaium M. Ba^nawo, C. aenntelli, C. Cuniglia. 1-0. Wang, 8-C. Zhans- 
Y-S. Zhu, G*5. Qiao, P. A. Egnar, L. V. JecobwKt, T. W. Kenslcr, and S, D$ Flora. 
Oittpra* chsttu^JosvetiUiHi *riaJ in QJrfoas, PeopSe' i Republic of China: Results of urine 
geapiosirily isusys as related to smoking hefciu, submitted tor publication. 


complementary mechanisms of action of these drugs (22, 28, 29). A 
positive interaction between NAC and OPZ was observed for DNA 
adduces in the hi tig and both 4-ABP- and BPDE-Mb adducts. 

In conclusion, the results of the present study indicate that chemo- 1 

preventive agents working with different mechanisms of action can 
prevent n variety of biomarkers involved in early stages of the smoke- 
related pathogenesis of tang cancer and possibly of other chronic 
degenerative diseases in which alteration® of these biomarkers can fee 
detected (33,43). The positive interactions observed by associating an 
amisiothipl and a dilhiolthione ere encouraging in the framework of 
the expanding field of combined dieiropreveittitui, 
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